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SECTION  I 
INTRODUCTION 


1.1  PURPOSE  OF  THIS  TECHNICAL  REPORT 

This  publication  is  a  report  on  accomplishments  in  the  area  of  power  distribu¬ 
tion  made  in  Fiscal  Year  1982.  These  include: 

1.  Development  and  demonstration  of  a  touch  screen  CRT  controller  for 
power  distribution  control,  including  paralleling. 

2.  Development  and  demonstration  of  the  use  of  fiber  optics  for  such 
control . 

3.  Farther  reduction  in  the  input  current  harmonics  in  the  15  kW 
Frequency  Changer,  which  uses  the  Delco  Resonant  AC-DC  Converter. 

4.  Demonstration  of  the  great  tolerance  to  non-linear  loads  inherent  in 
the  28 -SCR  Delco  Inverter . 

1.2  BACKGROUND 

The  equipment  necessary  to  meet  the  FY82  objectives  was  all  designed  and,  with 
the  exception  of  the  touch  screen  CRT  equipment,  fabricated  prior  to  FY82. 
Some  of  the  equipment  was  modified  and  the  touch  screen  equipment  was  com¬ 
pleted  within  the  last  year. 

This  report  is  organized  so  that  limited  backgroixid  for  the  various  pieces  of 
equipment  and  some  detailed  information  on  modifications  are  presented  in 
following  sections.  One  section  generally  deals  with  one  piece  of  equipment. 
Also,  complete  sets  of  schematic  dlagrass  and  seme  pictures  are  found  in 
appendices. 

In  1980,  Delco  published  a  report*  which  presented  general  power  network 
control  concepts  and  soae  specifics  on  hardware  Implementation.  Mmty  of  the 
details  of  hardware  Implementation  in  this  report  should  be  reconsidered  in 


*  Microprocessor  Control  of  Frequency  Changers  and  Power  Distribution  Systems. 
Technical  Report  R80-119.  Delco  Electronics  Division,  GM.  (3  October  19&>/ 
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light  of  the  work  performed  since  then  and  to  date.  Another  report  on  this 
subject  of  more  recent  value  was  included  in  Delco' s  IR&D  Technical  Plan  for 
1982.  A  copy  of  this  IR&D  project  is  provided  in  Appendix  A. 

1.3  SYSTEM  OVERVIEW 

By  using  Goverrment  loaned  equipment  (GLP),  the  Distribution  Unit  (formerly 
called  the  Parallel!^  Controller),  the  15  kW  Frequency  Changer,  and  the  10  kW 
Firefinder  Generator  Set  (a  test  bed  unit)  -  combined  with  a  touch  screen 
controller  built  on  IR4D  funds,  it  has  been  possible,  with  a  relatively  low 
expenditure  of  money  and  time,  to  set  up  a  simple  yet  comprehensive  demonstra¬ 
tion.  In  order  to  maximize  accomplishments  and  reduce  risk  to  the  GLP  equip¬ 
ment,  the  objective  of  minimizing  changes  to  the  GLP  equipment  was  set  and 
rigidly  observed.  This  meant  that  hardware  packaging  and  many  performance 
features  of  the  various  pieces  of  equipment  had  to  be  compromised.  Thus,  the 
system  and  its  components  are  far  from  what  Delco  views  as  highly  desirable. 
Nevertheless,  by  judicious  limitation  of  the  scope  of  the  demonstration  to  the 
essentials,  comprehensive  coverage  of  major  performance  features  has  been 
achieved . 

Paralleling  is  restricted  to  two  power  sources,  one  functioning  as  a  master 
and  the  other  as  a  slave.  As  such  the  master  cannot  be  controlled  in  the 
demonstration  in  either  output  anplltude  or  frequency.  It  falls  into  a  broad 
category  of  sources  -  such  as  the  power  utility,  a  motor-generator  set,  an 
engine  driven  generator  set,  or  another  frequency  changer. 

For  the  demonstration,  a  10  kW  Firefinder  Set  was  chosen  as  the  master.  The 
slave,  then,  must  be  controllable  in  output  aaplitude  and  frequency.  In  fact, 
the  slave  must  be  capable  of  phase  lock  to  the  load  power  bus.  Further,  the 
slave  must  be  able  to  track  the  load  power  bus  in  attitude. 

Figure  1-1  shows  the  laboratory  set  up  of  the  demonstration.  Figure  1-2  is  a 
block  diagram  of  the  interconnection  of  the  various  pieces  of  equipment.  This 
set  up  Is  dealt  with  in  more  detail  in  Section  V. 
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Flgura  1-2.  Intareonoaotloa  Dlagraa  of  Laboratory 
Daaoaatratlon  Setup 


Although  It  is  felt  by  Delco  Electronics  that  phase  locking  and  amplitude 
tracking  features  should  be  an  integral  part  of  each  frequency  changer,  the 
GLP  15  kW  unit,  being  developmental,  lacked  them.  Thus  for  expediency  the 
control  loops  necessary  for  these  features  were  actually  mechanized  in  the 
Distribution  Unit.  To  further  limit  the  scope  to  essentials,  these  loops  were 
made  to  function  at  MOO  Hz  only. 

In  order  to  demonstrate  touch  screen  CRT  control  and  monitoring,  yet  introduce 
a  minimum  of  changes  to  the  GLP  Distribution  Unit,  analog  I/O  were  added  to 
it.  To  demonstrate  fiber  optics  using  serial  digital  communications ,  however, 
it  was  necessary  to  convert  analog  to  serial  digital  with  fiber  optic  drivers/ 
receivers.  This  was  accomplished  with  the  design  and  construction  of  two 
microprocessor  controlled  Remote  Units  canpleted  in  FY82.  Again,  this  was  done 
as  an  expedient  and  not  because  Delco  Electronics  feels  this  is  the  best 
approach.  It  is  felt  that  Distribution  Units  should  be  able  to  conmunicate 
with  both  the  touch  screen  controller  and  the  power  sources  through  serial 
digital  fiber  optic  coomunication  ports. 

For  expediency,  the  touch  screen  CRT  Controller,  constructed  in  FY82,  was 
designed  to  be  able  to  handle  only  one  Distribution  Unit.  This  controller  is 
entirely  digital  and  uses  one  microprocessor  for  touch  screen  CRT  control  and 
a  second  for  communications  and  processing.  Data  and  coamands  in  serial 
digital  format  are  sent  between  the  Remote  Uhits  and  the  touch  screen  CRT 
controller  over  fiber  optic  "wires".  The  system  adequately  demonstrates  the 
use  of  fiber  optics.  It  is  felt  that  a  touch  screen  CRT  controller  should  be 
configured  in  the  future  to  drive  not  only  one  but  several  distribution  units 
and/or  power  sources. 

Although  the  touch  screen  CRT  Controller  is  rather  simple,  both  in  hardware 
and  software,  it  demonstrates  many  of  the  features  Delco  feels  a  power  network 
system  controller  should  have.  These  features  are: 

1.  Friendly,  prompted  control  of  power  sources  and  loads 

2.  Simple,  inexpensive  and  reliable  fiber  optic  ccmautications 

3.  Source  and  load  performance  monitoring 

M.  Malfunction  displays. 
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Additional  features  which  would  be  highly  desirable  are  as  follows: 

1.  Logging  of  performance  history  with  non-volatile  storage 

2.  Programed  automatic  network  reconfiguration  and  load  control  (for 
optimun  energy  usage,  highest  reliability,  system  fault  tolerance, 
etc .) 

3.  System  diagnostic  display 

4.  Automatic  power  network  test 

5.  Operator  self-instruction 

6.  Time  standard  frequency  reference  (for  accurate  time  keeping). 

The  following  material  in  the  section  describes  in  sumnary  form  the  major 
accomplishments  of  the  demonstration  of  FY82  and  some  of  the  performance 
'features  of  the  equipment  used.  Later  sections  and  appendices  provide  more 
detail . 

1.4  HIGHLIGHTS  OF  FISCAL  YEAR  1982  ACCO tt>LISH ECNTS 

This  section  is  provided  to  very  briefly  point  out  seme  of  the  most  noteworthy 
accomplishments  of  the  FY82.  Some  of  the  most  impressive  resulting  data  are 
provided.  The  largest  portion  of  the  work  reported  here  deals  specifically 
with  the  touch  Screen  CRT  Controller  and  fiber  optics  used  to  demonstrate 
power  distribution  network  control.  For  this  demonstration  Delco  utilized  the 
following : 

1.  Microcomputers  -  Eight-bit  microprocessors  based  on  the  Matorola  6800 
family,  and  1&>blt  microprocessors  based  on  the  Intel  8086  family 
with  attendant  memory,  A/D,  and  I/O  chips;  system  configurations 
employing  distributed  processing  and  co-processing  serial  communica¬ 
tions  techniques . 

2.  Fiber  Optics  -  Communication  links  to  route  multiplexed  serial  data 
between  microcomputers  and  systems;  high  data  rate,  EMI-proof, 
rugged ,  low  cost . 

3.  "Touch  Screen  CRT"  -  Simple,  compact  means  to  eliminate  all  mechani¬ 
cal  switches  and  controls  and  dedicated  individual  displays;  all 
displays  and  control  functions  combined  in  a  rugged i zed  small  screen 
CRT  with  a  touch  sensitive  face;  totally  flexible  display  format  of 
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al phanumerics  and  graphics;  self-prompting,  easy  to  understand 
presentation  formats. 

4.  "Hardened  Design  Techniques"  -  Specific  circuit  and  system  designs 
address  EMI/RFI,  fail-safe,  fail-soft  with  backup,  hardware  and 
software  self-test,  and  constantly  riming  system  diagnostics. 

This  work  was  relatively  hardware  rather  than  software  intensive.  It  was  felt 
that  with  the  limited  funds  available  for  the  effort  only  enough  software  to 
demonstrate  the  real  potential  of  the  touch  screen  would  be  written.  Accord¬ 
ingly,  the  software  for  four  simple  screen  displays  was  written.  The  foir 
different  screen  displays  are  shown  in  Figure  1-3. 

The  initial  display  is  the  summary  screen  shown  in  the  upper  left  corner.  This 
display  may  be  selected  at  any  time  by  simply  touching  the  word  SUMMARY  as 
shown.  The  Summary  screen  is  used  for  information  display  only.  It  demon¬ 
strates  the  use  of  a  single  screen  to  display  complete  status.  Should  there  be 
a  system  malfunction,  a  message  to  that  effect  would  appear  in  the  lower  right 
hand  corner  of  the  Sunmary  screen.  This  is  also  true  in  the  case  of  Unit  1  or 
Unit  2  screens.  To  determine  the  nature  of  the  malfunction  the  operator 
touches  the  letters  MALF.  The  Malfunction  screen  then  displays  the  nature  of 
the  malfunction.  At  present,  a  communications  error  to  Unit  1  and/or  Unit  2 
is/ are  the  only  malfunction(  s)  reported. 

The  Unit  1  screen,  selected  by  touching  the  letters  UNIT  1,  demonstrates  the 
use  of  the  touch  screen  to  provide  software  selectable  switches.  If  the  master 
soiree's  contactor  is  to  be  opened  or  closed,  this  is  accomplished  by  touching 
the  appropriate  word  OPEN  or  CLOSE,  Ihe  use  of  reverse  video,  as  shown  by  the 
word  CLOSE,  and  a  single  audible  beep  indicates  the  action  was  taken.  Thus 
reverse  video  is  used  much  like  a  pilot  light. 

The  Unit  2  screen  demonstrates  the  use  of  the  touch  screen  to  provide  software 
selectable  potentiometers.  For  exanple,  if  it  is  desired  to  increase  the 
amount  of  power  the  slave  soiree  (Unit  2)  contributes  to  the  power  bus,  the 
letters  INCR  are  touched.  There  is  a  beep  and  the  block  including  INCR  is 
displayed  in  reverse  video  for  approximately  one  second.  This  causes  a  single 
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Figure  1-3.  Touch  Screen  Display 
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step  change  in  increased  power  output.  If  this  is  insufficient ,  additional 
steps  may  be  entered  at  the  rate  of  about  one  per  second. 

The  touch  screen  CRT  hardware  was  built  and  the  software  debugged.  The 
equipment  very  effectively  demonstrates  the  use  and  potential  value  of  the 
touch  screen  concept. 

Another  noteworthy  aspect  of  this  development  is  the  use  of  fiber  optics  as 
the  sole  comnunications  link  to  the  touch  screen  controller.  The  mechanization 
involves  four  fiber  optic  "wires".  Unit  1  commimications  and  control  are 
handled  by  one  "wire"  for  transmit  and  a  second  for  receive.  Unit  2  has  a 
corresponding  pair.  This  approach  works  very  well  and  may  be  readily  adapted 
to  conmereial  standard  RS  232C  serial  comnunications  or  Military  Standard  1553 
serial  communications  rates  and  protocol. 

An  important  use  for  the  touch  screen  controller  is  control  of  paralleling  of 
a  pover  system  consisting  of  two  sources.  This  might  be  more  correctly  called 
remote  control  of  paralleling  since  the  actual  controlling  is  done  in  hardware 
other  than  that  of  the  touch  screen  controller.  Paralleling  control  is 
acccmplished  in  the  Distribution  Unit.  In  FY82,  work  was  done  on  this  unit  to 
improve  its  performance  relative  to  paralleling. 

Figure  1-4  shows  the  results  of  a  rapid  transfer  of  power  sources  from  the 
master  (10  kW  Firefinder  GTE  generator  set)  to  the  slave  (15  kW  Frequency 
Changer) .  In  mechanical  switching  terminology,  this  is  called  make-before- 
break  switching.  It  is  particularly  significant  here  that  the  slave  soiree  at 
all  times  before ,  during,  and  after  the  transfer  is  tracking  the  master  source 
in  output  frequency,  phase,  and  amplitude.  Thus  the  transfer  is  transient  free 
with  respect  to  the  nature  of  the  power  to  the  load. 

This  no  break  rapid  transfer  was  demonstrated  in  transfers  from  master-to- 
source  and  source-to-master .  Furthermore,  slow  transfers  involving  a  variable 
length  period  of  paralleling  were  also  demonstrated.  Results  were  always  clean 
with  no  break  in  the  power  to  the  load.  This  performance  in  transfer  opera¬ 
tions  is  mandatory  for  multi-soiree  power  distribution  systems  and  networks  of 
the  future. 


I 


R82-127 


1-8 


QV01  J«»ro  « WL 


Figure  t-4.  Rapid  Power  Transfer  Performance 


Figire  1-5  shove  the  phase  response  of  the  slave  unit  to  a  quasi-step  change 
in  master  frequency.  Mote  the  response  is  rapid  and  has  no  overshoot.  This 
response  characteristic  is  very  adequate  for  any  distribution  system  where  the 
master  is  an  engine  or  motor  driven  alternator  and  where  frequency  transients 
could  occur.  A  considerable  anoint  of  testing  was  performed  with  both  anpli- 
tude  and  frequency  transients.  The  performance  in  all  cases  was  completely 
adequate  for  general  distribution  systems. 

Work  was  done  with  both  the  converter  and  inverter  portions  of  the  15  kW 

Frequency  Changer  to  improve  and  characterize  its  performance  in  stand  alone, 
as  well  as  distribution,  use.  The  input  filter  of  the  15  kW  Frequency  Changer 

was  improved  with  the  addition  of  three  capacitors  and  three  inductors  so  that 

its  input  power  factor  was  improved  and  its  input  current  harmonic  generation 
was  reduced.  Also,  its  output  voltage  waveform  (more  exactly  that  of  a  10  kW 
Firefinder  GTE  generator  set  with  a  similar  28-SCR  inverter)  was  recorded  with 
several  typical  nonlinear  load  configurations. 

Figure  1-6  is  a  plot  of  the  typical  total  harmonic  distortion  (T®) ,  contribu¬ 
tion  of  the  3rd  through  13th  harmonics  and  the  5th  harmonic  of  the  input 

currents  to  the  15  kW  Frequency  Changer  over  a  wide  operating  range.  These 
data  are  taken  with  the  unimproved  input  filter  developed  prior  to  FY82.  While 
this  performance  is  impressive,  it  does  not  meet  Navy  requirements  which  limit 
the  amplitude  of  individual  harmonics  to  3%. 

Figure  1-7  is  a  plot  of  the  same  thing  except  that  the  input  filter  improve¬ 
ments  of  FY82  have  been  made.  Observe  that  these  data  meet  Navy  requirements. 
It  Is  felt  that  minor  changes  in  the  input  filter  could  reduce  the  peak  of 
nearly  5%  in  the  THD  cirve.  (This  peak  is  not  actually  due  to  distortion  which 
is  a  harmonic  of  the  60  Hz  input  lines,  but  rather  conducted  harmonics  related 
to  the  converter  operating  frequency.) 

Flgire  1-8  shows  typical  input  voltage  waveform  and  current  at  approximately 
rated  input.  These  results,  which  Indicate  the  feasibility  of  producing  power 
supplies  vhich  meet  Army  as  well  as  Navy  specifications  for  input  harmonics, 
are  extremely  gratifying.  As  far  as  known,  the  Delco  approach  to  harmonic 
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Figure  1-6.  Typical  ttaraonlc  Distortion  Contribution 
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re  1-7.  Haraonlo  Distortion  Contribution  After  Input  Filter  In proven* 
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Fleur*  1-8.  Typical  Voltage  and  Currant  Waveforms 
at  IpproxlsMtcly  Rated  Input 


reduction  is  the  only  one  which  is  passive,  does  not  use  multiphase  rectifica¬ 
tion  or  large  passive  filters  and  yet  sects  these  specifications.  Uhile  it  has 
been  shown  by  Delco  and  others  that  another  approach  using  active  (feedback) 
control  can  achieve  slailarly  low  levels  of  haraonic  generation,  this  approach 
lacks  the  simplicity,  reliability  and  Inherent  stability  of  the  Delco  passive 
approach . 

Implementation  of  the  Delco  passive  harmonic  reduction  technique  in  the  power 
supplies  of  load  equipment  should  be  a  highly  effective  way  of  cleaning  up  the 
power  to  this  load  equipment  and  other  equipment  on  the  same  distribution 
systmn . 


R82-127 


1-1* 


Another  highly  effective  approach  to  having  clean  power  distribution  is  to  use 
a  power  source  which  is  less  susceptible  to  degradation  by  conventional  equip¬ 
ment  power  supplies  than  the  alternators  which  are  often  used.  Figure  1-9  and 
Figire  1-10  illustrate  this  approach  with  a  10  kW  non-linear  load  simulating 
typical  power  supplies.  They  show  the  efficacy  of  the  Delco  28-SCR  inverter  in 
this  approach.  Mote  that  voltage  waveform  distortion  -  which  causes  problems 
with  sensitive  loads  -  is  approximately  12  percent  with  the  alternator  and 
only  about  3.5  percent  with  the  Delco  28-SCR  inverter.  Furthermore,  high  order 
harmonics,  which  are  especially  troublesome,  do  not  appear  as  high  in 
amplitude  with  the  Delco  inverter. 
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Figure  1.10.  Waveforms  Which  Result  When  The  Load  of  Figure  1-9 
Is  Applied  To  The  Oelco  28-SCR  Inverter 

Figure  1-11  and  Figure  1-12  show  the  results  of  applying,  respectively,  a  9  kW 
load  simulating  a  different  type  of  power  supply  configuration  and  a  6  kW  load 
simulating  still  a  different  configuration  to  the  Delco  inverter.  These 
results  show  remarkably  high  waveform  purity  with  conventional  power  supply 
loads  and  meet  precise  classes  of  military  requirements.  Host  other  types  of 
inverters  use  feedback  in  the  generation  of  their  output  waveforms  and  are 
prone  to  having  severely  degraded  or  unstable  output  into  typical  power  supply 
loads.  The  Delco  28-SCR  inverter,  which  has  no  such  feedback,  experiences  no 
difficulty  in  driving  power  supply  loads.  It  even  drives  pulsed  power  supply 
loads. 


.JJi  PCCn 
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Flgora  1-12.  Deloo  Inverter  Driving  A  Third  Type 
Of  Power  Supply  Load  At  6  kW  Output 


SECTION  II 

TOUCH  SCREEN  CRT  CONTROLLER  AND  REMOTE  UNITS 


2.1  BACKGROUND 

This  effort  represents  the  first  application  by  Delco  of  either  microprocessor 
or  touch  screen  technology  to  the  area  of  control  of  power  distribution 
systems.  In  the  automotive  area,  however,  applications  have  been  extensive. 

In  1975,  Delco  began  development  of  the  General  Motors  Custom  Microcomputer 
(GMCM)  .  In  1979,  the  GMCM  was  used  in  General  Motors  first  production  micro¬ 
computer  engine  control.  By  1981,  all  GM  passenger  cars  used  one  or  more  GMCM 
chip  sets.  Additional  applications  have  been  fouid  in  multifunction  engine 
controls,  transmission  controls  and  other  vehicles. 

The  microcomputer,  CMCM  and  others,  are  now  fowd  in  GM  electronically  tuned 
radios,  electronic  climate  controllers,  fuel,  range,  and  trip  computers, 
digital  speedometers  and  gauges,  and  computer  controlled  memory  seats.  Much  of 
the  original  application  work  in  this  automotive  area  was  done  by  Delco  Elec¬ 
tronics  -  Santa  Barbara  Operations.  Thus,  the  application  of  microcomputers  to 
power  distribution  was  easily  and  successfully  made. 

Touch  screen  CRT's  have  been  under  development  by  Delco  since  1979.  These 
units  have  instrunent  panel  applications  in  GM  cars  of  the  future.  To  date,  a 
nunber  of  engineering  feasibility  wits  have  been  built  and  tested. 

Automotive  applications  for  both  technologies  require  high  reliability  and 
ruggedness  because  the  automobile  is  a  very  harsh  environment.  Success  in  this 
regard  indicates  high  potential  for  use  of  these  technologies  in  the  area  of 
military  power  distribution  control. 
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2.2  FUNCTIONAL  DESIGN  OF  THE  TOUCH  SCREEN  CRT  CONTROLLER 

The  Touch  Screen  CST  Controller  Is  designed  to  control  and  receive  data  from 
the  Distribution  Unit  by  fiber  optic  "wires".  Rather  than  provide  fiber  optic 
commuiictions  directly  from  the  Distribution  Unit  -  which  would  have  required 
very  extensive  modification  of  the  sane  -  fiber  optic  comnunications  are 
handled  by  external  interface  wits  called  Remote  Units.  The  Remote  Units  then 
may  be  viewed  as  adapters  which  give  the  Distribution  Unit  the  necessary  fiber 
optic  communications  ports.  Figire  2-1  shows  the  Touch  Screen  CRT  Controller. 
Figure  2-2  shows  the  mechanization  of  both  the  Touch  Screen  Controller  and  the 
Remote  Units.  Figire  2-3  is  a  block  diagram  of  the  Touch  Screen  CRT 
Controller . 
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Figure  2-2.  Touch  Screen  CRT  Controller  and  leuote  Unit  Mechanization 


TOUCH  SCREEN  CRT  REMOTE  CONTROLLER 


Figtre  2-3.  Block  Dlagrau  of  Tbueh  Screen  Controller 
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A  matrix  of  infrared  emitters  and  detectors  is  placed  in  front  of  the  CRT. 
When  a  finger  is  brought  directly  up  close  to  the  screen  horizontally  and 
vertically,  IR  light  beams  are  broken.  With  this  approach,  it  is  possible  to 
determine  if  and  where  a  comnand  is  being  entered  by  the  operator.  Thus,  the 
screen  may  be  considered  to  be  an  array  of  switches  which  may  be  identified 
and  reconfigured  with  software.  A  chime  with  a  single  beep  is  used  to  inform 
the  operator  that  he  has  "thrown  a  switch".  The  CRT  is  driven  by  deflection 
electronics  supplied  by  Zenith.  Screen  size  is  3  inches  by  4  inches  with 
bright  yellow  phosphor  against  a  black  background. 

Screen  presentation  is  in  the  form  of  a  bit  map.  The  pixel  matrix  size  is  256 
by  256.  The  video  controller  for  the  bit  map  is  supplied  by  Matrox.  The  CRT 
presentation  and  the  touch  screen  are  controlled  by  a  microcomputer  as  in 
Figire  2-3.  This  microcomputer  is  configured  in  a  Prolog  CCA  U3ing  the  Prolog 
standard  bus.  The  microprocessor  used  is  the  General  Motors  Custom  Micro¬ 
processor  (GMCM)  which  is  a  derivative  of  the  Mntorola  6800  family.  The  menory 
on  this  bus  is  16k  bits  of  prograomable  read  only  memory  (PROM)  and  16k  bits 
of  random  access  memory  (RAM) . 

In  an  effort  to  minimize  software  development  heavy  usage  is  made  of  algor¬ 
ithms  and  software  which  had  already  been  written  for  automotive  applications. 
Actual  displays  and  software  controlled  touch  screen  switches  are  in  software 
unique  to  the  power  distribution  control  application. 

The  Prolog  standard  bus  is  extended  to  include  a  second  microcomputer  which  is 
dedicated  to  data  processing  and  conn uni cations  with  the  Remote  Units.  This 
microcomputer  is  also  configured  with  a  GMCM  microprocessor  and  uses  8k  of 
PROM  and  4k  of  RAM.  This  microprocessor  receives  the  following  data  at  an 
update  rate  of  approximately  one  per  second: 

1.  From  Unit  1 

•  VMM,  VMM),  VM$C  (voltage  master  phase  A,  etc.) 

•  IMM,  IM<f>B,  IM$C 

•  PMM,  MiB, 

•  $MA  (power  factor  (PF))  sign  bit 

•  *HB  sign  bit 

•  $MC  sign  bit 
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2.  Fran  Unit  2 

•  VS<>A,  VS4>B,  VS 4>C 

•  ISd  A,  IS$B,  ISd>C 

•  PS*A,  PS$B,  PS$C 

•  dSA  sign  bit 

•  <t>SB  sign  bit 

•  4>SC  sign  bit 

With  this  data  the  microcomputer  is  used  to  calculate  the  following: 

1.  For  Unit  1 

•  VM  average 

•  IM  average 

•  W  total 

•  IM  total 

•  PFM<I>A  incl  sign 

•  PFM<DB  Incl  sign 

•  WM^C  incl  sign 

•  PFM  average 

2.  For  Unit  2 

•  VS  average 

•  IS  average 

•  PS  total 

•  IS  total 

•  PFSiA  incl  sign 

•  PFS$B  incl  sign 

•  PFS4C  incl  sign 

•  PFS  average 

Power  factor  is  determined  by  dividing  the  power  by  the  volt-npere  product 
(e.g.  PFM ♦A  *  PM$A/[VM$A  X  IM<fcA3) . 
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This  second  microcomputer  communicates  with  the  Remote  Units  through  fiber 
optic  "wires"  -  a  total  of  two  for  transmit  and  two  for  receive.  To  accomplish 
this  two  universal  assynchronous  receiver  transmitters  (UART)  are  used  to 
convert  serial  to  8  bit  parallel.  These  UART's  are  operated  at  a  9600  baud 
data  rate . 

2.3  FUNCTIONAL  DESIGN  OF  THE  REMOTE  UNITS 

Each  Remote  Unit,  shown  in  block  form  in  Figure  2-4,  uses  a  microcomputer  for 
comminications  control.  A  UART,  again  operating  at  a  9600  baud  data  rate,  is 
used  at  the  fiber  optic  interface.  The  microcomputer  uses  a  GMCM  microproces¬ 
sor  with  2k  of  PROM  and  Ik  of  RAM. 


Figmre  2-4.  Block  Diagram  of  Typical  Bemote  Kilt  -  One  of  Two 

The  microcomputer  in  each  Remote  Uhit  operates  with  a  16  to  1  analog  multi¬ 
plexer  (MUX)  and  are  analog- t»*digital  converter  tor  ccnminicating  voltage, 
ctrrent,  and  power  signals.  These  signals,  which  are  scaled  average  values, 
are  filtered  with  low  pass  filters  ahead  of  the  MUX. 
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In  addition  to  these  monitored  signals,  which  the  microcomputer  communicates 
to  the  touch  screen  CRT  controller,  the  microcomputer  also  issues  command 
discretes  to  the  Distribution  Unit  and  issues  status  discretes  to  the  touch 
screen  CRT  controller.  Remote  Unit  1  is  configured  in  terms  of  hardware  and 
software  the  sane  as  Remote  Unit  2.  The  distribution  Unit  uses  the  two 
digital -to- analog  converters  (DAC)  of  Remote  Unit  2  for  amplitude  and  bias 
control.  The  outputs  of  the  DAC's  in  Remote  Unit  1  are  unused.  (The  Remote 
Units  may  be  interchanged.) 

2.4  CHARACTERISTICS  OF  FIBER  OPTIC  LINKS 

In  order  to  keep  cost  down  an  inexpensive  commercial  grade  fiber  optic  link 
(FOL)  was  chosen.  The  components  used  belong  to  the  Hewlett-Packard  HFBR-0500 
series.  This  series  uses  plastic  snapin  connectors  and  operation  is  limited  to 
five  meters.  The  data  rate  capability  is  de  to  5H  baud.  Delco  is  using  five 
meter  cables  and  maximim  data  rate  of  9.6k  baud. 

Delco  has  not  done  a  survey  to  find  the  most  suitable  fiber  optic  components 
for  military  applications.  However,  such  components  are  presently  available. 
For  conmercial  applications  Hewlett  Packard  makes  oanponents  which  will  oper¬ 
ate  over  a  temperature  range  of  -20°C  to  +70°C.  They  are  useful  up  to  1,000 
meters  at  a  10M  baud  data  rate. 

Fiber  optic  data  communications  offer  many  advantages  for  military  applica¬ 
tions.  Very  high  data  rates  are  possible  at  low  cost.  As  the  cables  are  non- 
conductive  they  may  safely  be  located  close  to  power  lines  (even  in  the  same 
conduits).  They  offer  high  security  because  they  are  EMI  proof  and  radiate  no 
electromagnetic  energy.  The  cables  are  lightweight  and  easy  to  install. 

2.5  HARDWARE  DESIGH  AND  I M>L£ MENTATION 

The  Tbuch  Screen  CRT  Controller  and  the  Remote  Uhits  are  housed  in  low  cost 
camercially  available  cabinets,  since  early  in  the  development  cycle  it  was 
felt  unwise  to  design  military  type  cabinets  -  especially  with  immature  elec¬ 
tronics  designs.  Comeroial  power  supplies  and  Prolog  card  cages  were  used  to 
reduce  development  costs . 
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Photographs  and  schematic  diagrans  of  the  Touch  Screen  CRT  Controller  are 
foird  in  Appendix  K.  Photographs  and  schematic  diagrams  of  the  Remote  Units 
are  found  in  Appendix  L. 
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SECTION  III 
DISTRIBUTION  CENTER 


3.1  BACKGROUND 

Development  of  the  Distribution  Center  (formerly  referred  to  as  the  Parallel¬ 
ing  Controller)  began  in  1980  as  part  of  the  15  kW  General  Pwpose  Frequency 
Changer  Performance  linprovement  Program.  In  March  1981,  Delco  published  a 
report*  describing  this  Distribution  Center  and  its  use.  The  Distribution 
Center  was  built  in  1980  to  function  with  the  15  kW  Frequency  Changer  and 
permit  its  paralleling  with  other  power  sources.  This  Distribution  Center  con¬ 
stituted  the  entire  operator  interface  for  paralleling,  which  was  controlled 
on  the  front  panel  with  switches  and  potentiometers . 

3.2  EFFORT  FOR  FY82 

The  FY82  IR&D  objective  was  to  incorporate  a  Delco  touch  screen  CRT  controller 
in  the  paralleling  demonstration.  This  was  accomplished  by  modifying  the 
Distribution  Unit  furnished  as  GLP.  Although  the  modification  was  rather 
extensive,  it  was  the  most  expedient  way  to  accanplish  the  stated  objective. 

Figire  3-1  is  an  external  view  of  the  Distribution  Center.  Since  all  the 
modifications  made  in  1982  were  internal,  none  are  apparent  in  the  picture. 
The  following  features  of  the  design  were  changed  by  the  1982  modifications. 

1.  The  phase  locking  circuitry  has  component  values  for  400  Hz  opera¬ 
tion.  (As  such,  it  may  not  function  properly  at  50  or  60  Hz.) 

2.  The  power  limit  and  power  sharing  features  and  their  control  poten¬ 
tiometers  are  disabled. 

3.  The  Single  Port  mode  should  not  be  used. 

4.  The  Distribution  Unit  must  always  be  used  with  the  Remote  Units  and 
the  CRT  Controller . 


•  15  kW  General  Purpose  Frequency  Changer  Performance  Improvement.  Technical 
Report  R81-31.  Delco  Electronics  Division,  General  Motors.  (March  12,  1981) 
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Figire  3-2  shove  the  indicators  and  controls  on  the  Distribution  Unit  front 
panel,  and  the  restrictions  on  their  use.  Figure  3-3  shows  the  external  con¬ 
nections  to  the  Distribution  Unit  for  TVo-Port  node  operation.  These  connec¬ 
tions  are  mandatory. 


Figure  3-2.  Cloaeup  of  Distribution  Center 
Front  Panel  Indicators  and  Controls 
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Figure  3-3.  Two-Port  Node  Connection 

3.3  DETAILS  OF  IM»LEMENTATION 

Two  control  outputs  are  developed  in  the  Distribution  Uhit  and  sent  over  the 
remote  control  cable  to  the  15  kW  Frequency  Changer  (Slave).  Both  control 
outputs  are  encoded  into  pulse  trains  and  transformer  isolated  for  low 
susceptibility  to  noise.  Figures  3-**  through  3-7  show  the  circuitry  which 
provides  amplitude  control  and  phase  control. 

The  amplitude  and  phase  bias  signals,  shown  in  Figure  3-4  and  3-6.  are  sup¬ 
plied  by  Remote  Unit  2  from  digital-to-analog  converters.  By  this  implementa¬ 
tion,  the  Touch  Screen  Controller  can  change  the  amplitude  (power)  and  phase 
(power  factor)  of  the  Slave  Unit  in  a  paralleling  operation.  Appendix  M 
provides  the  electrical  schematic  dlagrans  of  the  Distribution  Unit. 
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SECTION  IV 

15  kH  GENERAL  PURPOSE  FREQUENCY  CHANGER 

4.1  BACKGROUND 

Development  of  the  15  kW  General  Purpose  frequency  Changer  commenced  in  1976. 
In  the  course  of  development  Delco  generated  nunerous  reports*  describing  the 
15  kW  Frequency  Changer  and  it’s  integral  parts.  This  unit  uses  input  power  of 
120  /208  Vac,  three  phase,  either  3  or  il  wire.  The  input  frequency  may  be  50, 
60,  or  400  Hz;  although  at  present,  the  fans  and  low  level  power  supplies  must 
be  operated  at  60  Hz  only.  In  general,  the  quality  of  the  power  source  should 
be  MIL-STD-1 332,  utility  Class  2B  or  better. 

The  15  kW  Frequency  Changer  (Figure  4-1)  supplies  at  its  output  120/208  Vac, 
three  phase,  either  3  or  4  wire.  The  output  frequency  may  be  the  same  or 
different  than  the  input  frequency,  and  may  be  50,  60,  or  400  Hz.  The  general 
quality  of  the  output  power  is  MIL-STD-1 332,  precise  Class  1. 

4.2  EFFORT  FOR  FY82 

When  it  was  orginally  built,  and  until  1980,  the  15  kW  Frequency  Changer  had 
none  of  the  remote  control  features  necessary  for  paralleling  its  output  with 
other  power  sources.  In  1980,  as  a  part  of  the  contractual  effort  called  the 
15  kW  General  Purpose  Frequency  Changer  Performance  Improvement  Program,  these 
features  were  added . 

*  Inverter  Section  For  15  kW  General  Purpose  Power  Conditioner.  Technical 

Proposal  P77-2.  Delco  Electronics  Division,  General  Motors.  (Feb  1977) 

15  kW  General  Purpose  Power  Conditioner  -  AC/DC  Section.  Final  Report 
R78-38.  Delco  Electronics  Division,  General  Motors.  (April  1978) 

15  kW  General  Purpose  Power  Conditions.  Test  Report  R80-122.  Delco  Elec¬ 
tronics  Division,  General  Motors  (September  26,  1980) 

15  kW  General  Purpose  Power  Conditioner,  Inverter/Converter  Integration. 
Technical  Report  R80-142.  Delco  Electronics  Division,  General  Motors. 
(October  1980) 

15  kW  General  Purpose  Frequency  Changer  Performance  Improvement.  Technical 
Report  R  81-31.  Delco  Electronics  Division,  General  Motors.  (March  12,  1981) 
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Figure  4-1.  1$  kW  Frequency  Changer 


For  purposes  of  the  MY82  IR&D  Paralleling  Control  Project,  these  remote 
control  features  of  the  15  kW  Frequency  Changer  were  deemed  satisfactory  and 
remained  essentially  unchanged . 

Figtre  4-2  is  a  block  diagram  of  the  15  kW  Frequency  Changer.  The  remote 
control  features  necessary  for  paralleling  and  described  by  the  block  called 
Amplitude  and  frequency  Isolation  and  Conditioning  were  added  in  1980. 

4.3  DETAILS  OF  IMPLE1CNTATI0N 

For  purposes  of  paralleling,  two  characteristics  of  the  15  kW  frequency 
Changer's  output  must  be  controlled:  output  anplitude  and  instantaneous  output 
frequency.  The  primary  function  of  the  circuit  card  A30  added  in  1980  is  to 
permit  remote  ( external)  control  of  these  characteristics  or  parameters . 
Figure  4-3  is  a  simplified  block  diagram  of  the  circuitry  for  implementing 
output  amplitude  control  in  the  external  (paralleling)  mode.  Ihe  input  is  a 
contir.  ous  pulse  train  with  a  nominal  frequency  of  50  kHz.  This  is  isolated 
from  the  chassis  by  a  small  transformer. 
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AC  DC  TO  DC  CONVENER 


Figure  4-2.  Frequency  Changer  Block  Diagram 


Figure  4-3 .  External  Amplitude  Control 


The  pulse  quality  in  Figure  4-3  is  improved  with  a  Schmitt  trigger,  which 
produces  a  clean  frequency.  For  control  purposes,  this  frequency  is  converted 
to  voltage.  This  voltage  is  applied  to  a  limiter  which  constrains  it  to  a 
range  corresponding  to  the  nominal  output  voltage  adjustment  range  of  the  set. 

Three  important  features  of  the  set’s  externally  controlled  output  voltage 
implementation  are: 

1.  PUl*  frequency  modulation  PFM  with  full  transformer  isolation  is 
used  for  extremely  high  noise  inn  unity. 

2.  A  limiting  function  is  applied  to  the  external  control  so  that  even 
invalid  external  control  cannot  cause  set  output  to  be  out  of  range. 

3.  The  time  response  of  the  external  amplitude  control  circuit  (inclu¬ 
ding  the  frequency  to  voltage  converter)  is  much  faster  than  that  of 
the  internal  anplitude  control  loop,  and  therefore  has  a  negligible 
effect  on  control  performance. 
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Figure  4-4  is  a  block  diagram  of  the  implementation  of  the  output  frequency 
(and  phase)  control  in  the  external  (paralleling)  mode.  The  input  is  a  con¬ 
tinuous  pulse  train  with  a  nominal  frequency  as  follows: 

•  50  Hz  operation  -  16,200  Hz 

•  60  Hz  operation  -  19,440  Hz 

•  400  Hz  operation  -  139,600  Hz 


Replaces  Existing 
Crystal  Controlled 
Clock 


S0H*  0 (matron  -  8100Hz 
60M*  Operation  -  9720Hz  . 
400Hz  Operation  -  64,800Hz 


Figure  4-4.  External  Phase  Control 

This  input  pulse  train  is  isolated  from  the  chassis  by  a  small  transformer. 
Pulse  quality  is  improved  with  a  Schmitt  trigger.  The  Schmitt  trigger  is 
followed  with  a  toggled  fli^flop  to  give  a  clock  with  one  half  the  frequency 
listed  above  and  a  50  percent  duty  cycle.  For  the  purpose  of  frequency  (and 
phase)  control,  the  externally  supplied  clock  is  used  to  replace  the  internal 
crystal  derived  clock. 

Appendix  N  contains  a  complete  set  of  schematic  diagrams  of  the  electrical  and 
electronic  circuits  of  the  15  kW  Frequency  Changer.  This  set  has  minor 
revisions  over  previously  published  sets. 
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SECTION  V 

SYSTEM  INTEGRATION  AND  TEST 


5.1  THE  LABORATORY  SETUP 

For  demonstration  purposes  a  small,  yet  typical,  power  distribution  system  was 
3et  up  (Figure  5-1)  in  Delco' s  Solid  State  Power  Labortory.  The  Touch  Screen 
CRT  Controller  serves  as  the  operator  interface.  By  a  total  of  4  fiber  optic 
"wires"  it  enables  control  of  the  Distribution  Unit  and  permits  monitoring  of 
the  system  status  through  the  Distribution  Unit.  The  two  Remote  Units  are  an 
expedient  for  quick  and  easy  hardware  development.  Since  these  two  units  serve 
as  commimications  intefaces  for  the  Distribution  Unit,  they  would  otherwise  be 
incorporated  in  the  Distribution  Unit. 


Figure  5-1.  Integrated  Mower  Distribution  System  Block  Diagram 
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The  15  kW  Frequency  Changer  is  remotely  controlled  through  the  Distribution 
Unit.  For  purposes  of  this  demonstration  the  frequency  changer  is  the  only 
source  capable  of  remote  control  and  must,  therefore,  be  used  as  the  Slave 
Unit.  The  10  kW  Firefinder  generator  set  was  chosen  as  the  Master  Unit.  The 
demonstration  was  conducted  at  400  Hz  only. 

Figire  5-2  shows  the  laboratory  setup  of  the  power  distribution  system.  From 
left  to  right  are  the  Touch  Screen  Controller,  the  Distribution  Unit,  the  15 
kW  Frequency  Changer,  and  the  10  kW  Firefinder  PCU.  The  10  kW  Firefinder  PCU 
is  mounted  on  top  of  a  cooling  fixture.  The  turbine  is  located  in  a  test  cell 
in  another  building. 


Figare  5-2.  Laboratory  Setup  of  tower  Distribution  System 

The  Remote  Units  are  located  beneath  the  Distribution  Uhit  and  are  concealed 
by  the  cloth.  The  reason  for  this  concealment  is,  as  explained  in  more  detail 
elsethere,  the  Remote  (Jhits  would  be  included  as  an  integral  part  of  the 
Distribution  Uhit. 
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5.2  DEMONSTRATION  AND  TESTING 
5.2.1  NETWORK  DEMONSTRATION 

The  equipment  used  for  this  demonstration  (Figures  5-1  and  5-2)  was  exten¬ 
sively  tested.  Remote  switching,  monitoring,  and  control  of  paralleling  was 
successfully  tested.  Especially  significant  was  the  performance  of  "transient 
free"  transfer .  Recorded  transients  were  in  all  cases  within  the  transient 
response  signatures  of  the  15  kW  Frequency  Changer  and  the  10  kW  Firefinder 
Set . 


Figire  5-3,  5-4,  and  5-5  show  three  typical  touch  screen  displays  recorded 
during  a  paralleling  demonstration.  Note  that  Unit  1,  the  10  kW  Firefinder 
Set,  is  supplying  2.S  kW  to  the  load  bus. 


Figure  5-3.  Senary  Display  -  Touch  Screw  CRT 
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Concurrently,  Unit  2,  the  15  kW  Frequency  Changer  is  supplying  4. 1  kW  to  the 
load  bus.  More  data  are  presented  in  the  following  appendixes. 

•  Appendix  B  -  Source  Bower  Transfer  Testing 

•  Appendix  C  -  15  kW  Frequency  Changer  Load  Change  Induced  Transient 

Signature 

•  Appendix  D  -  Effect  of  Bus  Frequency  Changes  During  Parallel 

Operation 

•  Appendix  E  -  Phase  Lock  Capture  Behavior 

•  Appendix  F  -  Effect  of  Frequency  Changes  on  Phase  Lock 

5.2.2  INPUT  CURRENT  HARMONIC  REDUCTION 

This  section  deals  with  the  first  of  two  major  unscheduled  efforts  involving  a 
major  part  of  the  Network  Demonstration  of  the  15  kW  Frequency  Changer.  Input 
voltages  and  currents  from  the  60  Hz,  120/208  Vac,  plant  distribution  bus  were 
recorded  and  analyzed  for  distortion  components.  This  was  done  both  before  and 
after  a  dramatic  improvement  was  made  to  the  input  filter.  Data  from  these 
tests  are  provided  in  the  following  appendixes: 

•  Appendix  G  -  15  kW  Frequency  Changer  Input  Current  Waveform  Testing 

With  Original  Input  Filler 

•  Appendix  H  -  15  kW  Frequency  Changer  input  Current  Waveform  Testing 

With  Augmented  Input  Filter 

5.2.3  EFFECTS  OF  NONLINEAR  LOADS  ON  THE  28-SCR  DELCO  INVERTER 

This  section  deals  with  the  second  of  two  major  unscheduled  efforts  involving 
the  Del co  inverter.  Because  of  Navy's  interest  in  how  well  the  28-SCR  Delco 
inverter  would  perform  when  supplying  typical  power  supply  type  (highly  non¬ 
linear)  loads,  the  10  kW  Firefinder  Set  was  operated  with  several  such  loads. 
Because  suitable  power  supplies  were  not  on  hand,  their  input  characteristics 
were  approximated  with  nonlinear  test  load  conflgvrations. 


R82-127 


5-5 


With  sane  load  configurations,  a  comparison  was  made  between  the  10  kW  Fire- 
finder  Set  and  a  typical  12.5  kVA  motor- generator  set.  Results  show  that  the 
28-SCR  Delco  inverter  (10  kW  Firefinder  PCU)  gives  far  better  bus  waveform 
when  operating  into  a  nonlinear  load  than  does  a  similarly  sized  motor- 
generator  set.  Data  from  these  tests  are  provided  in  the  following  appendixes: 

e  Appendix  I  -  Inverter  Output  Waveform  Degradation  With  Nonlinear 
Loading 

e  Appendix  J  -  Testing  With  Single  Phase  Nonlinear  Loading 
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E80-03  SOLID  STATE  POWER 


INTRODUCTION 

The  ultimate  goal  of  this  project  is  the  definition  and  demonstration  of 
modern  tactical  power  distribution  methods  using  modular  solid  state  building 
blocks.  The  emphasis  is  on  an  integrated  systems  approach  that  includes  power 
conditioners,  distribution  centers  and  controllers  for  network  status  report¬ 
ing  and  power  control. 

Status 

The  status  of  Delco's  overall  solid  state  power  program  through  MY81  is  as 
follows. 

a  Power  Distribution  and  Control:  Evaluated  several  concepts,  solicited 
tri-service  feedback,  demonstrated  power  source  sensing  and  parallel¬ 
ing  (under  contract  DAAK70-77-C-0157) ,  and  initiated  microprocessor 
based  network  controller  design  which  incorporates  "touch  screen"  CRT 
display  plus  fiber  optic  data  communication  links, 
e  Power  Conditioning 

-  Inverters:  Completed  initial  production  of  the  MEP-D423A 
generator  set  Inverter  (Contract  DAAK  70-79-C-001)  which 
resulted  from  previous  IR&D  activity. 

-  Frequenoy  Changers:  Completed  and  demonstrated  15  kW, 
60/400  Hz  prototype  Army  unit  (Contract  DAAK  70-77 -C-0157) . 

-  Converters:  Delco  in-house  efforts  reduced  earlier  4-SCR 
converter  approach  (Contract  DAAK  70-77-C0035)  to  use  of 
2-SCR  power  modules;  developed  universal  fixture  and 
controls  for  high  frequency,  high  power  converter  studies. 

BACKGROUND 

Delco  is  currently  developing  and  producing  high  power  inverters  and  frequency 
changers  for  Army  tactical  use.  These  development  activities  have  been  aimed 
at  reducing  military  dependence  on  the  use  of  engine  generation  sets  in  lieu 
of  local  utility  power.  In  recent  years,  changes  have  oocurred  in  the  percep¬ 
tion  of  combat  environment  needs  which  mske  it  apparent  that  power  conditioner 
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development  cannot  focus  solely  upon  the  specific  performance  requirements  of 
individual  power  conditioning  units,  but  must  also  consider  the  larger  system 
aspects  of  diagnostics,  interface,  control,  and  performance  within  the  total 
tactical  power  distribution  network.  These  concerns  are  addressed  in  our  long 
term  IRAD  Plan  which  takes  a  top-down  systems  approach  to  defining  total 
tactical  needs  and  developing  a  family  of  modular  system  building  blocks  to 
satisfy  those  needs.  To  achieve  the  overall  objective,  Delco  is  taking 
advantage  of  recent  Government/Industry  efforts  by  selectively  adapting 
emerging  technology  to  those  earlier  achievements  which  show  promise  of 
satisfying  the  stated  critical  need. 

In  the  area  of  power  distribution,  the  Marine  Corps  has  developed  and  tested 
(1976-1979)  prototype  power  panels  and  associated  cables  which  provide  a  very 
good  baseline  for  meeting  the  needs  of  the  standard  distribution  system.  These 
rugged  prototypes  are  definitively  specified  by  MIL-P-29183  (Navy)  for  the 
panel  boards  and  MIL-C-29184  (Navy)  for  the  cable  assemblies.  The  system 
(referred  to  as  MEPDIS)  provides  local  circuit  breaker  fault  protection,  but 
has  no  provision  for  centralized  control/management  and  does  not  address 
paralleling  or  control  of  diverse  power  sources.  Recent  technology  advances 
allow  expansion  of  the  MEPDIS  capability  to  include  these  essential  control 
features . 

In  the  area  of  power  conditioners,  Government  agencies  and  industry  have  been 
applying  solid  state  power  device  technology  advances  to  achieve  replacements 
for  engine  generators.  1.5  kW  to  15  kW  prototype  systems  have  been  developed 
which  meet  Army  mobile  electric  power  requirements.  Navy  shipboard  prototype 
60  to  400  Hz  frequency  changers  have  been  demonstrated  to  250  kW  levels. 
Delco/Army  have  successfully  provided  full  scale  engineering  development  and 
production  of  a  10  kW  conditioner  for  the  Army's  Firefinder  TPQ-36  radar. 

PROBLEM 

The  present  tactical  power  distribution  methodology  requires  that  a  tactical 
generator  set,  specific  to  the  load  system,  be  oo-located  with  each  load  and 
be  compatible  in  voltage,  frequency  and  quality  of  power.  As  a  consequence. 
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logistic  support  of  fuel  supply  and  maintenance  for  the  power  source  must  be 
provided  to  the  user  site.  This  situation  results  from  a  lack  of  power  condi¬ 
tioning  equipment  which  can  convert  available  power  to  user  requirements,  and 
from  a  lack  of  general  purpose  distribution  systems  which  can  supply  power  to 
a  number  of  users  from  a  single  central  source.  In  addition  to  its  impact  on 
logistics,  correction  of  the  present  deficiency  will  reduce  noise  and  extend 
the  life  of  small  tactical  generators  by  reducing  reliance  on  them  to  those 
occasions  when  no  other  source  is  available,  or  as  back-up  in  the  event  of  a 
power  conditioner  falling.  It  should  also  eliminate  the  existing  problem  of 
not  being  able  to  operate  U.S.  forces  equipment  with  equipment  of  other 
nations  due  to  differences  in  voltage  and  frequency. 

Figure  1  contrasts  a  current  tactical  distribution  scenario  with  a  future 
distribution  scenario  representing  Delco's  approach  to  solving  the  problem. 
This  concept  evolved  from  close  interchange  between  our  power  systems 
engineers  and  tri-service  users.  This  integrated  system  approach  draws  upon 
current  and  evolving  technology  in  the  areas  of  solid  state  power,  micro¬ 
processor/computers,  optical  link  data  exchange  and  CRT  display.  The  resultant 
distribution  network  provides  fuel  or  energy  management  through  centralized 
power  source  and  load  control,  plus  rapid  deployment/high  mobility  via  local 
center  disconnect  and  control  features. 

The  upper  table  in  Figure  1  indicates,  for  various  applications,  the  potential 
for  reducing  both  the.  equipment  complement  and  the  operating  costs  accruing 
from  the  use  of  standardized  power  distribution  networks  and  power  condi¬ 
tioners.  The  existing  mode  tactical  field  data  (applications  1  through  6)  were 
taken  from  a  BDM  Corporation  study  "Evaluation  of  Tactical  Electric  Power 
Distribution  Systems"  submitted  to  the  Army  Nobility  Equipment  Research  and 
Development  Command  (MERADCOM) .  Fixed  site  data  (applications  7  and  8)  were 
taken  from  USAF  Missile  Weapon  System  data  available  at  Delco  and  information 
provided  through  the  DOD  Project  Manager  for  Mobile  Electric  Power  (PMMEP). 

The  lower  table  in  Figure  1  illustrates  the  potential  for  extending  operating 
life  of  small  tactical  generators  since  a  very  high  percentage  of  these  units 
are  not  required  during  standard  network  operation.  This  greatly  enhances  the 
1  availability  of  these  engine  generators  for  atand-alone  operation  when  they 
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IN  MOST  APPLICATIONS  BOTH  COST  AND  EQUIPMENT  COMPLEMENT  WILL  BE 
SIGNIFICANTLY  i  REDUCED 


Figaro  I.  Distribution  Soonarloo  —  Soils  State  Conversion  sad 
Distribution  SoSucos  Cost  and  DssoaSoaoo  oa  taftne  Ooaorstor  Sots 


ENGINE  GENERATOR  CONTROLLERS  NETWORK  CONTROLLERS  FIBER  OPTIC  LINKS 
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are  needed  for  combat  or  training  exercises  (less  than  20%  of  time).  The  power 
cost  reduction  data  was  based  upon  1981  costs  of  fuel  and  electricity  in 
Southern  Germany.  Assuming  continuation  of  present  trends,  these  figures  will 
reflect  even  more  favorably  upon  use  of  local  utilities  to  power  standard 
distribution  networks  in  the  future. 

OBJECTIVE 
Overall  Objective 

The  overall  objective  is  to  achieve  circuit  commonality  among  various  types  of 
power  conditioners  and  to  develop  a  standard  power  distribution  system  that 
can  interconnect,  monitor  and  control  tactical  power  generators  and  loads.  The 
required  power  distribution  network  design  must  provide  efficient  direction  of 
power  from  a  primary  source  to  various  loads,  and  provide  capability  for 
quickly  adding  or  deleting  alternate  power  sources  or  loads  to  the  network. 
Delco's  modern  distribution  network  scheme  is  capable  of  meeting  these  needs 
through  development  and  integration  of  the  necessary  distribution  network 
building  blocks.  Figure  2  shows  key  features  and  development  status  of  each 
network  element.  Additional  development  required  is  primarily  concerned  with 
adapting  the  demonstrated  technology  to  a  specific  application  and  carrying  it 
forward  to  tactical  field  use.  Integration  of  microprocessor  and  optical  link 
technology  into  any  system  requires  detailed  knowledge  of  overall  requirements 
before  proceeding  with  the  extensive  software  development  to  effectively  adapt 
the  proven  hardware  items.  Therefore,  an  important  objective  is  to  obtain 
tri-service  user  agreement  and  system  specification  for  a  DOD  standard 
network . 

NT82  Objectives 
Objectives  for  HT82  are  to: 

1.  Demonstrate  the  feasibility  of  the  Delco  distribution  network  concept 
as  the  basis  for  obtaining  Government  funding  for  a  follow-on 
Engineering  Development  Phase.  The  feasibility  demonstration  effort 
was  initiated  in  MY81;  the  associated  hardware/  software  development 
will  be  completed  in  HT82.  In  August  1981  through  a  Government  Loan 
Agreement,  the  Army  provided  Delco  with  IS  kW  power  conditioner  and 
power  controller  hardware  for  use  in  the  MT82  demonstration. 
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2.  As  part  of  the  continuing  effort,  started  in  1981,  develop  common 
power  and  control  modules  and  demonstrate  a  six  kilowatt,  2-SCR 
common  module  which  operates  at  frequencies  up  to  16  kHz.  The  common 
control  circuit  under  development  will  allow  the  new  module  to  func¬ 
tion  as  part  of  an  ac-to-dc  converter  or  dc-to-ac  precision  sinewave 
inverter  and  be  applicable  to  various  types  of  power  conditioners  or 
power  levels. 

3.  Demonstrate  commonality  features  by  adapting  the  new  common  module  to 
a  10  kW  frequency  changer.  The  new  unit  will  integrate  an  Army  28-SCR 
Firefinder  production  inverter  with  three  2-SCR  common  module 
converters. 

Our  detailed  approach  for  achieving  these  objectives  is  described  in  the 
following  section . 

APPROACH 

Delco's  overall  five  year  development  plan  for  solid  state  power  is  shown  in 
Figure  3.  The  upper  section  shows  an  overview  of  Government  hardware  programs 
in  process  or  planned,  and  how  Delco  IRAD  effort  has  focused  on  these  produc¬ 
tion  efforts.  The  lower  sections  shows  how  current  Delco  technology  develop¬ 
ment  is  directed  toward  the  Objectives  stated.  The  overall  thrust  is  toward 
yearly  technology  advances,  coupled  into  hardware  programs,  both  to  support 
competitive  bidding  activity  and  to  provide  product  improvement  in  power 
systems  production  programs. 

Power  Distribution 

To  demonstrate  power  distribution  network  control,  Delco  will  utilize  the 
advanced,  proven  technology  developed  for  GH  automotive  use,  plus  procedures 
and  design  techniques  developed  to  provide  environmental  protection,  high 
reliability,  ruggedness,  and  ease  of  use.  Every  GH  domestic  passenger  car 
since  1981  has  at  least  one  sophisticated  microcomputer  for  engine  control  and 
aa  many  as  four  more  for  controlling  operator  displays  and  comfort,  conven¬ 
ience,  and  entertainment  functions.  Current  microcomputer  production  rates  of 
over  20,000  units  per  day  make  Delco  the  world's  largest  manufacturer  of  small 
computers. 
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The  automobile  environment  is  comparable  to  the  tactical  field  environment. 
EMI  and  power  bus  transient  requirements  exceed  MIL-STD-461,  and  exposure  to 
temperature  cycles  and  extremes,  vibration  and  shock,  fuels,  coolants,  sol¬ 
vents,  and  water  are  normal  occurrences.  Control  and  display  operator  inter- 
. faces  have  to  be  rugged,  tolerant  of  abuse,  and  (most  Importantly)  easy  to  use 
and  understand  by  untrained  operators.  Extensive  built-in-test  and  continu¬ 
ously  running  diagnostics  are  essential  for  the  service  of  these  sophisticated 
microcomputers  by  relatively  untrained  service  technicians.  Major  emerging 
automotive  technologies  to  be  used  to  demonstrate  the  concept  of  power  network 
control  include: 

•  Microcomputers  -  Eight-bit  microprocessors  based  on  the  Motorola  6800 
family,  and  16-bit  microprocessors  based  on  the  Intel  8086  family 
with  attendant  memory,  A/D,  and  I/O  chips;  system  configurations 
employing  distributed  processing  and  co-processing  serial  communica¬ 
tions  techniques. 

•  Fiber  Optics  -  Communication  links  to  route  multiplexed  serial  data 
between  microcomputers  and  systems;  high  data  rate,  EMI-proof, 
rugged,  low  cost. 

e  "Touch  Screen  CRT"  -  Simple,  compact  means  to  eliminate  all  mechani¬ 
cal  switches  and  controls  and  dedicated  individual  displays;  all 
displays  and  control  functions  combined  in  a  ruggedlzed  small  screen 
CRT  with  a  touch  sensitive  face;  totally  flexible  display  format  of 
alphanumerlcs  and  graphics;  self-prompting,  easy  to  understand 
presentation  formats. 

e  "Hardened  Design  Techniques"  -  Specific  circuit  and  system  designs 
address  EMI/RFI,  fail-safe,  fail-soft  with  baokup,  hardware  and 
software  self-test,  and  constantly  running  system  diagnostics. 

Figure  a  illustrates  the  phased  approaoh  being  taken  to  achieve  the  stated 
Objective,  to  provide  a  standard  network  required  by  DOD,  as  described  in  the 
problem  statement. 
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Phase  I  (1980-1981).  The  MY80  IR&D  results  led  to  an  added  scope  item  to  a 
Delco/Army  15  kW  Frequency  Changer  Development  Contract  to  demonstrate  the 
capability  of  paralleling  the  unit  with  60  Hz,  3-phase  utility  or  400  Hz, 
3-phase  engine  generators  (60  kW,  EMU-30).  This  effort  proved  the  sensing  and 
control  circuit  concepts  and  resulted  in  a  Government  loan  of  developmental 
items  for  Delco's  IR&D  distribution  network  Phase  II  effort. 

Phase  II  (1981-1982).  Advanced  Development  Unit  hardware  design  and  fabrica¬ 
tion  began  late  in  MY81  after  securing  tri-service  user  feedback  and  the 
Government  loaned  property  (GLP)  agreement.  Based  on  government  user  review 
comments,  the  network  functions  were  expanded  to  include  remote  control  of 
load  circuit  breakers  (or  contactors)  and  control  of  engine  generators.  The 
updated  concept  incorporates  microcomputers  in  the  main  controller,  the  dis¬ 
tribution  centers,  and  onboard  each  controlled  power  source.  These  elements 
are  controlled  via  interconnecting  fiber  optic  data  links.  This  year's 
approach  is  to  continue  fabrication  of  Phase  II  hardware:  the  network 
controller  (CRT  display  and  microcomputer),  the  microcomputers  to  control  the 
GLP,  and  the  optical  link  Interfaces.  Software  development  will  continue  and 
culminate  in  a  feasibility  demonstration  of  the  network  control  concepts. 

Phase  III  (1982-1983).  Engineering  Development  Unit  hardware  planning  antici¬ 
pates  that  Government  contract  funds  will  be  obtained  to  fabricate  and  demons¬ 
trate  deliverable  distribution  network  items.  The  main  technology  approach 
during  Phase  III  requires  adaptation  of  microproeessor/eomputer  control  to  the 
expanded  power  network.  This  effort  would  be  an  outgrowth  of  work  at  NAEC 
(Lakehurst,  NJ)  which  demonstrated  the  application  of  microprocessor  based 
control  to  a  DoD  standard  engine  generator  to  provide  MIL-STD-704C  level 
power.  The  achievements  of  the  Lakehurst  NJ  group  will  be  extended  to  include 
precise  speed  control  of  engine  generators  so  that  automatic  paralleling  and 
power  transfer  may  be  demonstrated  with  theae  sources.  The  Phase  III  effort 
will  demonstrate  network  control  of  multiple  power  sources  and  distribution 
oenters . 

Phase  IT  (1963-1984).  Full  Soale  Engineering  Development  (FSED)  could  closely 
follow  a  successful  Phase  III  effort.  The  approaoh  Delco  proposes  mskes  use  of 
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existing  MEPDIS  cable  designs  and  use  of  connon  distribution  centers,  engine 
generator  controls  and  network  controllers  for  either  60  Hz  or  400  Hz  distri¬ 
bution  systems.  Power  conditioners  (frequency  changers)  presently  being 
specified  for  Army  development  must  provide  multiple  output  frequencies  and 
could  contain  the  necessary  microcomputers  for  interface  with  the  DoD  standard 
distribution  network. 

Power  Conditioning 

Through  IR&D  and  contract  supported  effort  Delco  is  providing  concepts,  proto¬ 
type  units  and  production  hardware  aimed  at  meeting  the  stated  DoD  need  for 
power  conditioner  units.  The  approach  is  to  build  upon  previously  demonstrated 
achievements  while  working  closely  with  user  agencies  to  compose  specifica¬ 
tions  that  reflect  state-of-the-art  developments  in  the  solid  state  power 
field.  Figure  5  illustrates  this  evolutionary  approach,  the  basis  for  our 
1981-1982  objective  of  achieving  commonality  through  a  common  module. 

The  power  conditioner  for  MEP-D423A  (Figure  5)  helped  satisfy  an  urgent  need 
for  a  very  light  weight  generator  to  power  the  Army's  TPQ-36  mortar  locating 
radar.  Although  the  inverter  uses  28  identical  SCR's,  the  approach  does  not 
result  in  Internal  power  module  commonality.  The  12-SCR  converter  shown  made 
tremendous  advances  in  achieving  low  input  line  current  THD  at  very  light 
weight,  and  great  strides  in  providing  power  module  commonality.  Three 
identical  4-SCR  converters  are  used  (one  per  input  phase)  and  the  SCR's  are 
common  to  those  in  the  28-SCR  inverter. 

The  28-SCR  Inverter  concept  and  12-SCR  converter  were  combined  as  a  prototype 
15  kW,  60/400  Hz  frequency  changer.  The  importance  of  this  integration  is 
reflected  in  the  Army's  New  Purchase  description  for  a  10/15  kW  Power  Condi¬ 
tioner  being  released  for  competitive  bid  as  the  first  member  in  an  Army 
"Family  of  Power  Conditioners".  Key  parameters  of  the  new  specification  are 
shown  in  the  table  of  Figure  5  which  compares  those  competing  designs  known  to 
have  addressed  the  difficult  harmonlo  current  THD  requirement.  The  comparison 
shows  a  Deloo  weight  advantage  and  lower  power  switch  device  oount. 
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Delco's  present  high  SCR  count  is  due  to  lack  of  modular  commonality  between 
the  inverter  and  converter  functions.  Therefore,  Delco's  IR&D  technology 
thrust  is  toward  common  power  modules  and  common  control  modules  for  both  the 
inverter  and  converter  functions,  and  a  circuit  topology  applicable  over  the 
entire  power  range  of  interest  to  DoD  users.  The  final  column  of  the  table  in 
Figure  5  is  an  estimate  of  what  can  be  achieved  upon  successful  completion  of 
the  present  IR&D  effort. 

The  common  module  effort  centers  on  expansion  of  previous  Delco  resonant 
converter  designs  to  Include  the  functions  shown  in  the  block  diagram  of 
Figure  5.  The  power  circuit  has  a  high  frequency  resonant  inverter  (SCR's 
and  Q^)  operating  in  a  PFM  mode  to  produce  the  waveforms  shown  at  the  output 
of  the  high  frequency  transformer,  T^.  A  bridge  inverter  (SCR's  through  Qg) 
operates  as  a  60  Hz  or  400  Hz  demodulator  of  the  resulting  PFM/PAM  wave  when 
the  common  module  operates  as  a  frequency  changer.  A  4-diode  rectifier 
demodulates  the  high  frequency  waveform  when  operating  as  a  converter. 

During  MY81  Delco  successfully  demonstrated  the  2-SCR  converter  operation 
depicted  by  the  upper  waveforms  in  the  block  diagram.  This  year  we  will 
concentrate  on  optimizing  the  2-SCR  common  module  by  increasing  operating 
frequency  from  8  kHz  to  16  kHz  and  output  power  from  3.5  kW  to  6  kW.  This  will 
include  completion  of  a  breadboard  "universal"  power  circuit  test  fixture  and 
control  and  evaluation  of  state-of-the-art  materials,  components  and  devices 
in  the  fixture.  After .  optimizing  converter  performance,  the  fixture  will  be 
used  to  demonstrate  the  Inverter  mode  with  the  2-SCR  controls. 

Upon  optimizing  the  2-SCR  converter  common  module,  hardware  development  of  a 
10  kW  power  conditioner  will  be  Initiated  as  a  first  step  to  demonstrating 
commonality  and  logistic  benefits  which  accrue  to  the  common  module  concept. 
The  approach  is  to  integrate  a  6-SCR  converter  configuration  (three  2-SCR 
common  modules)  with  a  28-SCR  production  inverter  (procured  during  1981)  which 
is  presently  in  the  Army's  logistics  system.  The  unit  will  further  demonstrate 
capability  to  operate  from  U.S.  and  European  high  voltage  inputs  and  applic¬ 
ability  to  solar  cell,  battery,  or  fuel  cell  do  voltage  inputs.  The  unit  will, 
in  1983,  serve  as  a  vehicle  to  demonstrate  the  ocmmon  module  replacement  for 
Delco's  present  28-SCR  inverter. 
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MT82  Planning  and  Task  Definition 

Figure  6  shows  our  detailed  plan  for  MY82  in  the  fora  of  a  Summary  Task  Table. 
This  table  provides  an  expansion  of  the  previously  stated  Objectives,  detailed 
task  structure,  technical  approach,  work  efforts/methods/special  items 
required,  and  anticipated  results  of  each  task.  It  also  serves  as  an  evalua¬ 
tion  tool  for  assessment  of  Delco's  plans,  objectives,  approach  and  allocation 
of  resources  (skills  and  time  span)  to  MY 8 2  Power  Distribution  and  Control, 
Common  Module  Development  and  Power  Conditioner  Development. 

PROGRESS 

Power  Distribution 

The  Phase  II  Advanced  Development  Unit  Demonstration  effort  was  not  initiated 
until  late  in  MY81.  Before  release  of  funds  for  the  feasibility  demonstration 
hardware,  Delco  met  a  related  technology  contractual  commitment  to  the  Army  to 
develop  and  demonstrate  a  paralleling  controller  for  the  prototype  15  kW  power 
conditioner  unit.  This  goal  was  completed  via  a  sell-off  demonstration  to 
MERADCOM  in  January  1981  and  submission  of  the  final  report  in  March  1981. 

From  September  1980  to  March  1981,  Delco  continued  its  military  needs  analysis 
and  Interface  with  tri-service  users  to  establish  the  viability  of  our  power 
distribution  concepts  and  the  potential  for  Government  funded  follow-on. 
Success  with  the  paralleling  controller,  coupled  with  favorable  uaer  coanunlty 
comment,  led  to  a  Delco  management  decision  to  proceed  with  the  proposed  MY81 
effort  in  June  1981. 

In  this  manner,  the  original  MY81  effort  was  shifted  to  encompass  the  last 
three  months  of  MY81  and  first  five  months  of  MY82.  The  Phase  II  effort 
required  approximately  the  same  total  manpower  and  resource  commitments  as 
originally  planned. 

The  summary  progress  table  in  Figure  7  shows  the  progress  made  during  the  last 
three  months  of  MT81.  The  controller  concept  has  been  detailed  and  laboratory 
model  has  been  built  which  will  be  used  to  test  "status  display"  and  "control" 
scenarios.  Figure  8  presents  an  exwple  of  a  typical  network  scenario. 
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Power  Conditioning 

In  MY81  significant  progress  was  made  in  common  power  module  and  common 
control  module  development  which  benefited  greatly  from  a  General  Motors 
Corporation  solid  state  power  program  initiated  at  Delco  during  the  year.  The 
GMC  program  centered  around  developing  a  2-SCR  converter  to  charge  the  high 
voltage  battery  of  developmental  electric  automobiles.  Success  to  date  in  that 
program  makes  it  unnecessary  to  optimize  4-SCR  converter  modules  as  originally 
planned  for  MY81  IR&D.  The  GMC  effort  also  resulted  in  a  new  passive  input 
line  current  harmonic  reduction  technique  (Figure  9)  which  will  be  applied  to 
future  military  power  conditioners  applications.  This  new  technique  offers 
several  advantages  over  traditional  approaches,  including: 
e  Improved  power  factor  and  power  utilization 
e  Greater  converter  efficiency 

e  Improved  input  and/or  output  voltage  accommodation  ranges 
e  Simple  low  cost  mechanization 

e  Adaptability  to  active  feedback  and  control  for  lower  THD  performance 

e  Adaptability  to  previous  three-phase  mechanization  for  performance 

range  improvement 

Initial  efforts  in  MY81  to  specify  and  procure  state-of-the-art  components, 
devices  and  materials  for  use  in  optimizing  resonant  converter  power  modules 
and  controls  made  it  clear  that  the  low  quantity  costs  would  exceed  the 
allocated  material  dollars,  and  that  premised  dates  of  delivery  for  critical 
items  would  preclude  completion  of  all  tasks.  Therefore,  a  decision  was  made 
to  perform  necessary  conoeot  engineering  to  allow  placement  of  critical  item 
purchase  orders  for  the  planned  MY82  IR&D,  as  well  as  the  current  year  IR&D. 
The  added  design  and  procurement  was  assoclsted  with  1982  plans  to  optimize 
and  to  develop  the  integrated  inverter/converter  common  module  and  to  develop 
a  10  kW  power  conditioner  utilizing  1981  achieved  commonality  concepts.  The 
MY81  program  was  projected  at  10  manmonths  and  $8,800  for  materials.  For  the 
reasons  discussed  above,  actual  expenditures  were  9.2  manmonths  effort  and 
$46,000  was  comitted  for  materials  with  $32,100  being  reoelved  in  NY81. 


B82-127 


A-19 


TASKS  MMTUTtO  I  TASKS  ACCOMPLISHED  I  PLAN  PCVIATION  SIGNIFICANCE  OP  SPECIAL  EQUIPMENT/  I  SKILLS  POTENTIAL  APPLICATION 

IN  last  I  IN  ISSt  I  ANO  NATIONAL K  ACCOMPLISHMENTS  CAPABILITIES  REQUIRED  I  REQUIRED  FOR  GOVERNMENT 


awwayiM»wouwwAii<»3iio9,iirnBiu»w9ii«iiMwoooiMiii-iiioiiiWHiiwoM«a« 


R82-127 


71*«ro  7  (SMt  1  of  }).  So— ry  frofrou  Tool* 


PREVIOUS  DELCO  PASSIVE  THREE-PHASE  INPUT 
HARMONIC  CURRENT  REDUCTION  BREAKTHROUGH 


DCLCO  (UCTMMCS  DIVISION  •  SANTA  SASBARA  OPSRATIONS  •  OKNKRAL  MOTORS  CORPORATION 


R82-127 


ASS/24 


Figure  9.  Dsleo  Psssive  input  Haraonic  Current  Reduction  Breakthrough 


SOURCE  POWER  TRANSFER  TESTING 


This  testing  ubs  performed  to  determine  how  transient  free  would  be  the  trans¬ 
fer  of  power  to  the  bus  from  Master  to  Slave  and  from  Slave  to  Master.  For 
this  testing,  the  Master  source  was  the  10  lcW  Firefinder  Generator  Set  (MEP 
D423A) .  The  Slave  was  the  15  kW  Frequency  Changer.  A  rapid  transfer  was 
accomplished  by  simultaneously  throwing  the  Master  and  Slave  contactor 
switches.  There  is  no  provision  in  the  hardware  or  software  to  effect  a  rapid 
transfer  with  a  single  switch  operation. 

In  all  the  test  records  the  parameters  recorded  are,  from  top  to  bottom,  phase 
A  (LI  -  L2)  bus  voltage;  phase  A  (LI)  bus  current;  phase  A  current  from  the 
Master  source;  and  phase  A  current  from  the  Slave  source.  Sane  tests  involve 
the  transfer  of  sources  to  a  7  kW  0. 8  PF  load  and  others  to  a  11  kW  0. 8  PF 
load. 

Test  3-22-01  through  test  3-22-04  show  the  transfer  of  power  source  from  the 
15  kW  Frequency  Changer  to  the  10  kW  generator  set  with  a  7  kW  0.8  PF  load. 
The  only  discernable  transient  is  the  no  load  to  7  kW  transient  load  behavior 
of  the  10  kW  generator  set. 

Test  3-22-05  shows  the  transfer  of  power  source  from  the  10  kW  generator  set 
to  the  15  kW  Frequency  Changer  with  a  7  kW  0.8  PF  load.  The  only  discernable 
transient  is  the  no  load  to  7  kW  transient  load  behavior  of  the  15  kW 
Frequency  Changer . 

Test  3-22-06  through  test  3-22-08  show  the  transfer  of  power  source  from  the 
1 5  kW  Frequency  Changer  to  the  1 0  kW  generator  set  with  a  1 1  kW  0. 8  PF  load . 
Again,  the  only  discernable  transient  is  the  no  load  to  11  kW  transient  load 
behavior  of  the  10  kW  generator  set. 
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FREQUENCY  CHANGER  TO  FIREFINDER  TRANSFER 


15  kW  FREQUENCY  CHANGER 
LOAD  CHANGE  INDUCED  TRANSIENT  SIGNATURE 


On  a  power  bus  being  driven  by  such  power  sources  as  motor-generator  sets 
and/or  frequency  changers  individually  or  in  parallel,  the  load  change  - 
induced  transient  behavior  of  the  sources  is  seen  by  the  bus  loads.  This  is 
obviously  true  in  the  case  of  a  fixed  source  configuration  operating  varying 
loads.  Not  so  obvious,  but  equally  true,  is  the  case  of  a  fixed  load  with 
varying  source  configuration. 

As  an  example  of  the  later,  consider  the  case  where  a  fixed  load  is  operating 
on  a  power  bus.  If  a  clean  and  instantaneous  transfer  of  sources  is  made  from 
a  motor-generator  set  to  a  frequency  changer,  the  load  change-induced  tran¬ 
sient  behavior  of  the  frequency  changer  is  seen  by  the  load.  In  this  case,  the 
motor-generator  set  transient  appears  only  at  its  output  terminals  after  they 
are  unloaded.  However,  the  frequency  changer  Is  subjected  nearly  instan¬ 
taneously  to  a  no  load  to  bus  load  transient.  In  this  example,  at  this  point 
in  time,  the  frequency  changer  is  the  only  source  on  the  bus;  so  its  transient 
performance  governs  the  bus  performance. 

With  this  in  mind,  testing  was  performed  on  the  frequency  changer  in  a  stand¬ 
alone  mode  to  show  its  response  to  step  load  changers.  Much  testing  of  this 
nature  was  published  in  earlier  test  reports.  For  convenience  and  completeness 
of  this  report,  the  results  of  1.0  per  unit  load  transient  testing  are  shown 
here.  The  upper  curve  shows  the  effect  of  s  15  kW  0.8  PF  to  no  load  transient 
on  the  phase  A  (LI  -  L0)  output  voltage.  The  lower  curve  shows  the  effect  of  a 
no  load  to  15  kW  0.8  PF  transient  on  the  same  output  voltage. 
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EFFECT  OF  BOS  FREQUENCY  CHANGES  DURING  PARALLEL  OPERATION 


This  testing  was  performed  to  demonstrate  satisfactory  operation  when  the  15 
kW  Frequency  Changer  is  supplying  power  to  a  bus  which  has  a  large  frequency 
transient.  This  might  be  expected  liien  the  Master  soiree  is  a  nonsynchronously 
driven  M-G  set  and  the  bus  is  suddenly  loaded. 

The  Master  for  this  test  was  the  10  kW  Firefinder  Generator  Set  (MEP  D423A). 
It  was  modified  for  this  test  such  that  its  operating  frequency  could  be 
varied  over  the  range  of  390  Hz  to  410  Hz.  The  generator  set  (Master)  and  the 
frequency  changer  (Slave)  were  fully  paralled  and  both  supplying  3*6  kW  to  a 
7.2  kW,  inity  FF,  load.  The  phase  A  (LI  -  L0)  output  voltage  at  the  load  was 
recorded . 

In  the  first  test,  intended  to  simulate  a  typical  worst  case  frequency  tran¬ 
sient,  the  Master  frequency  was  varied  exponentially  from  410  Hz  to  390  Hz 
with  a  time  constant  of  approximately  eight  milliseconds.  No  problem  was 
observed  in  the  phase  A  voltage  waveform. 

In  the  second  test,  the  Master  frequency  was  stepped  almost  Instantaneously 
from  410  Hz  to  390  Hz.  Here  again,  no  problan  was  observed  in  the  phase  A 
voltage  waveform.  It  can  be  reasonably  concluded  from  these  tests  that  the  15 
kW  Frequency  Changer  can  be  successfully  paralleled  with  a  bus  having  severe 
frequency  transients.  Excellent  phase  locking  characteristics  have  been 
demonstrated . 
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PHASE  LOCK  CAPTURE  BEHAVIOR 


This  test  was  run  to  show  the  capture  characteristics  of  the  phase  lock  loop. 
A  Master  three  phase  generator  was  operated  at  a  constant  370  Hz.  Prior  to 
closing  the  Phase  Lock  switch,  the  frequency  changer  operated  at  400  Hz  on 
local  (crystal)  frequency  control.  The  switch  was  then  closed  and  the  fre¬ 
quency  changer  was  made  to  capture  the  Master  370  Hz  in  frequency  and  phase. 

For  the  first  test,  at  the  time  of  closure  the  Master  and  the  frequency 
changer  were  instantaneously  nearly  in  phase.  Frequency  change  and  phase  lock 
were  accomplished  smoothly  in  approximately  three  cycles.  For  the  second  test, 
at  the  time  of  closure,  the  Master  and  the  frequency  changer  were  instan¬ 
taneously  nearly  180  degrees  out  of  phase.  Again,  frequency  change  and  phase 
lock  was  accomplished  smoothly.  Full  lock  occurred  in  approximately  ten 
cycles. 

Test  conditions  for  the  third  and  fourth  tests  were  like  those  of  the  second 
test  except  that  the  Master  three-phase  generator  was  replaced  with  a  10  kW 
Firefinder  Generator  Set  (MEP  D423A)  operated  at  400  Hz.  The  phase  lock  was  in 
both  cases  accomplished  smoothly.  Full  lock  occurred  in  approximately  eight 
cycles. 
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EFFECT  OF  FREQUENCY  TRANSIENTS  ON  PHASE  LOCK 


The  paralleling  controller  phase  lock  circuit  was  tested  to  determine  its 
response  to  a  step  change  in  frequency.  For  this  testing  the  15  kW  Frequency 
Changer  anplitude  was  operated  on  local  control  (Amplitude  Lock  was  off)  .  A 
three-phase  oscillator,  whose  output  frequency  could  be  changed  almost  instan¬ 
taneously  relative  to  the  400  Hz  nominal  output,  was  used  as  a  frequency 
reference  for  the  Master  inputs . 

In  the  first  test ,  the  Master  reference  frequency  wa3  changed  in  a  step 
fashion  from  360  Hz  to  4-0  Hz.  In  the  second  test,  the  Master  reference  fre¬ 
quency  was  changed  in  a  step  fashion  from  440  Hz  to  360  Hz.  At  360  Hz,  steady 
state,  the  frequency  changer  is  seen  to  slightly  lead  the  Master  in  phase.  At 
440  Hz,  3teady  state,  the  frequency  changer  is  seen  to  slightly  lag  the  fester 
in  phase.  This  steady  state  error  is  due  primarily  to  the  finite  gain  of  the 
phase  error  loop  in  the  paralleling  controller.  It  is  felt  that  this  is  an 
acceptable  error . 

It  should  be  noted  that  for  a  step  change  the  recovery  period  is  approximately 
five  cycles  with  a  sane  what  overdanped  characteristic.  There  is  no  apparent 
overshoot.  This  response  is  felt  to  be  acceptable. 


R82-127 


M 


15  kW  FREQUENCY  CHANGER  INPUT  CURRENT  VATEFORH 
TESTING  WITH  ORIGINAL  INPUT  FILTER 


The  15  kW  Frequency  Changer,  with  the  original  single  R-L-C  input  filter,  was 
operated  over  a  wide  load  range.  The  input  ctrrent  waveforms,  THD,  and 
harmonic  components  were  recorded.  Figure  G-1  is  a  plot  of  seme  of  the  raw 
data,  which  appears  in  the  following  test  records  01-03-01  through  01-03-08. 
Data  were  taken  over  the  input  current  range  of  10  to  approximately  55  ARMS. 
This  corresponds  to  a  load  range  of  approximately  10  to  110  percent  from  the 
converter  portion  (NL  to  1.1  RL  for  the  inverter  portion). 
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15  kW  FREQUENCY  CHANGER  INPUT  CURRENT  WAVEFORM 
TESTING  WITH  AUGMENTED  INPUT  FILTER 


The  15  kW  Frequency  Changer  -  with  the  original  single  R-L-C  input  filter 
augmented  with  a  second  R-L-C  stage  located  externally  to  the  frequency 
changer  for  lack  of  space  internally  -  was  operated  over  a  wide  load  range. 
The  input  cirrent  waveforms,  THD,  and  harmonic  components  were  recorded. 

Figure  H-1  is  a  plot  of  some  of  the  raw  data  which  appears  in  test  records 
24-05-01  and  25-05-01.  Data  were  taken  over  the  input  current  range  of  10  to 
approximately  55  Arras.  This  corresponds  to  a  load  range  of  approximately  10  to 
110  percent  for  the  converter  portion  (NL  to  1.1  RL  for  the  inverter  portion). 
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INVERTER  OUTPUT  WAVEFORM  DEGRADATION  WITH  NONLINEAR  LOADING 


The  Delco  inverter,  similar  to  that  used  in  the  15  kW  Frequency  Changer,  was 
tested  to  determine  the  nature  of  the  output  waveform  degradation  which  occur 
when  specific  nonlinear  loads  are  applied.  A  part  of  this  effort  involved  rui¬ 
ning  comparative  testing  on  a  conventional  motor  driven  alternator  (MG)  set. 

A  substitution  was  made  for  the  15  kW  Frequency  Changer,  which  at  this 
writing,  malfunctions  with  transient  overloads  -  such  as  is  characteristic  of 
some  of  the  nonlinear  loads  used  in  these  tests.  Substituted  was  the  10  kW 
Firefinder  Generator  Set,  MEP  D423A.  The  MG  set  used  is  a  12.5  kVA,  400  Hz  MG 
set  manufactured  by  Electric  Machinery  Manufactur ing  Company. 

Loading  for  all  tests  was  at  the  10  kW  level  and  was  inherently  equal  on  all 
the  phases  of  the  two  units  tested.  In  no  case  was  there  any  component  of  nor¬ 
mal  linear  nature;  rather,  total  loading  was  nonlinear  and  produced  by  differ¬ 
ent  rectifier  circuits. 

In  test  17-06-01  the  MG  set  was  used  to  drive  a  three-phase,  full  wave 
rectifier  bridge  (not  to  be  confused  with  three  single  full  wave  bridges)  and 
a  resistive  load.  For  test  16-06-01,  the  Delco  inverter  was  used  with  the  same 
nonlinear  load.  There  was  little  waveform  degradation  when  the  Delco  irwerter 
was  used  and  the  total  harmonic  distortion  (THD)  of  its  output  was  approxi¬ 
mately  3  percent.  The  MG  set  produced  approximately  12  percent  THD. 

In  test  17-06-04,  the  MG  set  was  used  to  drive  the  same  rectifier  bridge  with 
small  inductance,  large  capacitance  filter  ahead  of  the  10  kW  resistive  load. 
There  was  some  waveform  degradation  in  test  17-06-02,  to  approximately  5  per¬ 
cent  THD  tAien  the  Delco  inverter  was  used  with  this  (a  very  common  type)  of 
nonlinear  load.  The  MG  set  produced  about  12  percent  THD  with  this  load. 

In  test  17-06-05,  the  MG  set  was  used  to  drive  the  smse  rectifier  bridge  with 
a  large  inductance  (nearly  critical) ,  large  capacitance  filter  ahead  of  the  10 
kW  resistive  load.  The  Delco  inverter,  in  test  17-06-03.  displayed 
approximately  3.5  percent  THD  while  the  MG  set  displayed  approximately  12 
percent  THD. 
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TESTING  WITH  SINGLE  PHASE  NONLINEAR  LOADING 


Both  the  15  kW  Frequency  Changer  and  the  10  kW  Firefinder  Generator  Set  (MEP 
D423A)  were  tested  with  balanced  single  phase  nonlinear  loads.  These  loads, 
consisting  of  single  phase  full  vave  bridge  rectifiers  with  L-C  filters  and 
resistive  loads,  were  connected  in  three-  and  four -wire  wye  configurations. 

Figire  J-1  shows  a  schematic  diagram  of  the  three-wire  wye  connected  nonlinear 
load.  Figure  J-2  shows  a  schematic  diagram  of  the  four -wire  wye  connected 
load.  This  latter  configiration  rather  closely  simulates  the  type  of  loading 
caused  by  dc  power  supplies. 

For  test  24-05-03,  the  load  circuit  of  Figure  J-1  was  used  to  load  the  60  Hz 
utility  power  line  of  the  Solid  State  fbwer  Laboratory  at  the  Delco  plant. 
This  load  caused  a  line  evrrent  total  harmonic  distortion  (THD)  of  approxi¬ 
mately  23  percent.  For  test  24-05-04,  the  load  circuit  of  Figure  J-2  was  used 
to  load  the  60  Hz  utility  power  line.  The  load  caused  a  line  cu-rent  THD  of 
approximately  44  percent.  Due  to  source  regulation,  the  voltage  THD  increased 
to  approximately  2.6  percent  with  this  nominally  9  kW  load. 

For  test  24-05-05,  the  load  circuit  of  Figure  J-2  was  used  to  load  the  10  kW 
Firefinder  Generator  Set.  The  Inductance  value  in  this  load  is  largely  rela¬ 
tive  to  the  400  Hz  output  of  the  Firefinder  Set.  With  a  line  current  THD,  at  6 
kW  output,  of  approximately  37  percent,  the  output  voltage  THD  was  slightly 
less  than  3  percent . 

For  test  24-05-06,  the  load  circuit  of  Figire  J-2  was  used  to  load  the  15  kW 
Frequency  Changer.  The  output  frequency  tested  was  400  Hz.  (The  15  kW  Fre¬ 
quency  Changer  does  not  start  this  load  at  60  Hz.)  With  a  line  cirrent  THD  of 
approximately  44  percent,  the  output  voltage  THD  was  approximately  5.5  per¬ 
cent.  That  the  Frequency  Changer  has  higher  output  distortion  for  this  parti¬ 
cular  nonlinear  load  than  the  Firefinder  Set  is  explained  by  the  fact  that  the 
output  circuit  of  the  former  has  60  Hz  magnetics  with  higher  impedanoe  at  400 
Hz  than  the  latter  whioh  has  400  Hz  magnaties. 
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PRELIMINARY 


APRIL  10,  1981 


MODEL  SPECIFICATIONS  FOR 
VEHICULAR  CRT  MONITOR 

MODEL  VM34H 


ZENITH  RADIO  CORPORATION 
VEHICULAR  &  INDUSTRIAL  ELECTRONIC  PRODUCTS 


CATHODE  RAY  TUBE 

3"  x  4"  aspect  ratio,  12KV  nominal  high  voltage  at  50^A  average  beam  current. 


DISPLAY  AREA 

12  square  Inches,  defined  by  3"  x  4"  rectangle  centered  on  the  CRT  faceplate. 


OPTICAL  CHARACTERISTICS 

Brightness  (Note  1} .  2000  Foot  Lamberts 

Color .  Yellow-Green 

Faceplate  Transmission .  65* 

Faceplate  Reflectivity .  36*  Typical 

Contrast  Ratio  (Zero  Ambient  Illumination) .  35:1  Min. 

Viewing  Angle .  To  limit  of  character 

recognition  (without 
reticules  or  decals). 

Center  Spot  Size . . 037  i  .005  Inches 

(Beam  Current  1.5ma) 

Resolution .  Pulse  rise  time  70  n.s. 

for  50  volt  rise  at  CRT 
cathode. 

Ageing  Characteristic  (Note  2) .  10,000  hours  to  50* 

of  original  brightness 


MONITOR  CHASSIS  ELECTRICAL  DATA 


POWER  SUPPLY 


Input  Voltage  Range 
Input  Current . 


Regulator  System . 

System  Protection: 

Undamaged  When  Subjected  To: 

Jumper  Starts . 

Reverse  Polarity . 

Load  Dump . 

Inductive  Load  Switching 
Alternator  Field  Decay.. 
Mutual  Coupling . 


9  to  24  Volts 

1.8  Amps  1151 

Input  Voltage  *  12  Volts 

Switch-mode 


♦24V  for  30  minutes 
-24V 

120V.  188ms  Time  Constant 
-286V,  1ms  Time  Constant 
-90V,  38ms  Time  Constant 
214V,  l^s  Time  Constant 


INPUTS  (Refer  to  Figure  1) 

Video: 

Input  Level .  1  to  5  Volts 

peak-to-peak 

Input  Impedance .  100  ohm 

Coupling .  DC 

Polarity .  Increasing  voltage  at 

input  Increases  CRT 
brightness:  black  Is  at 
zero  volts. 


Horizontal  Drive  (Refer  to  Figure  1): 
Input  Level . 

Frequency . 

Waveshape . 

Minimum  Pulse  Width . 

Input  Impedance . 


4-12V  p-p  Positive 
Edge  Triggered 

15,750  t  300  Hz 

Rectangular 

i/r* 

IK  ohm 


K-lfc 


MONITOR  CHASSIS  ELECTRICAL  DATA  Icont'd.) 


Vertical  Sync  (Refer  to  Figure  I): 
Input  Level  . 

Frequency  Range . 

Waveshape . 

Pulse  Width . 

Input  Impedance . 


2  to  5  Volts 
peak-to-peak 

85  to  115  Hz. 

Positive-going 
Rectangular  Pulse 

50  to  2500^ sec. 

6.8K  ohm 


CONTROLS 

Automatic  Brightness  Set 
Brightness  Range 
Background 
Focus 

Vertical  Size 
Horizontal  Size 

Raster  Centering  (adjustment  rings  on  yoke) 

MONITOR  CHASSIS  ELECTRICAL  DATA 
ENVIRONMENTAL  CHARACTERISTICS: 


Temperature:  Operational .  -40°C  to  +85°C 

Storage .  -40°C  to  ♦85',C 

Humidity:  Operational .  0  -  98%  at  38°C 
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MONITOR  CHASSIS  ELECTRICAL  DATA  (cont.'dj 


VIBRATION 


Operational 

Storage 


I 


1 .3  g  maximum 
I .0  to  5.0  Hertz 

6  g  maximum 
5  -  1000  Hertz 
Sinusoidal 


SHOCK 

Operational 

Storage 

ALTITUDE 


50  g;  1/2  sine 

9-13  milllsec.  duration 


Operational 

Storage 


15,000  ft.  Maximum 


NOTE  1 


NOTE  2 


Brightness  is  measured  by  producing  an  unmodulated  (DC)  raster  in  the  central 
3"x4"  area  of  the  faceplate.  The  brightness  is  adjusted  to  produce  1mA  average 
beam  current.  The  brightness  is  then  measured  such  that  the  measurement  area 
fills  the  field  of  view  of  the  measuring  instrument.  Ambient  illumination  is 
zero.  The  standard  eye  response  curve  (4000a  -  7800a)  should  be  used. 

The  ageing  characteristic  defines  the  time  interval  over  which  the  light  output 
of  the  tube  is  reduced  to  50*  of  its  original  value.  The  usage  schedule  used 
to  derive  the  ageing  characteristic  is  shown  below.  This  schedule  defines  the 
time  that  the  VCRT  spends  at  a  given  output  level. 


USE  TIME 
(Percent) 

RELATIVE  BRIGHTNESS 
(Percent) 

ABSOLUTE  BRIGHTNESS 
(Foot  Lamberts) 

10 

100 

2000 

20 

75 

1500 

25 

50 

1000 

20 

30 
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